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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program was started in
1978 following a congressional mandate to develop quantitative appraisals of
the major ground-water systems of the United States. The RASA Program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems, which in aggregate underlie much of the country
and which represent an important component of the Nation’s total water
supply. In general, the boundaries of these studies are identified by the
hydrologic extent of each system and accordingly transcend the political
subdivisions to which investigations have often arbitrarily been limited in the
past. The broad objective for each study is to assemble geologic, hydrologic,
and geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about in
it by human activities, and to provide a means of predicting the regional
effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a series
of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number,
and where the volume of interpretive material warrants, separate topical
chapters that consider the principal elements of the investigation may be
published. The series of RASA interpretive reports begins with Professional
Paper 1400 and thereafter will continue in numerical sequence as the interpre-
tive products of subsequent studies become available.

Dallas L. Peck
Director







PREFACE

The Regional Aquifer-System Analysis of the High Plains was conducted
by U.S. Geological Survey personnel in each of the eight States in the High
Plains—Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming. To provide assistance, technical support, and additional
information, contracts were awarded to the Kansas Geological Survey, New
Mexico Natural Resources Department, Oklahoma Water Resources Board,
and Texas Department of Water Resources. In addition, valuable information
was provided by many other State and local agencies throughout the High
Plains. Their contributions are an integral part of this investigation without
which this study would not have been possible.

The U.S. Geological Survey coordinated its investigation of the High Plains
aquifer with a concurrent study by the Economic Development Administra-
tion of the Department of Commerce. The Six-State High Plains—Ogallala
Aquifer Area study conducted by the Economic Development Administration
was authorized by Congress in 1976. This study was charged with the respon-
sibility of examining the feasibility of increasing water supplies to insure the
economic growth and vitality of the High Plains. Together, these two studies
provide a comprehensive evaluation of the High Plains aquifer and the poten-
tial impacts of declining ground-water supplies on the region. The Economic
Development Administration study has developed and proposed alternative
strategies to alleviate or mitigate those impacts and the U.S. Geological Survey
has provided hydrologic data and models needed to evaluate the effects of those
strategies on the ground-water resource.



CONVERSION FACTORS

The following report uses inch-pound units as the primary system of
measurements and metric units for water-chemistry measurements. The units
commonly are abbreviated using the notations shown below in parentheses.
Inch-pound units can be converted to metric units by multiplying by the fac-
tors given in the following list.

Inch-pound unit Multiply by To obtain metric unit
inch 2.540 X 10! millimeter

foot (ft) 3.048 X 107! meter

mile (mi) 1.609 kilometer

acre 4.047 X 107! hectare

square mile (mi?) 2.59 square kilometer
acre-foot (acre-ft) 1.233 X 1073 cubic hectometer
foot per day (ft/d) 3.048 X 10! meter per day

cubic foot per second (ft%/s) 2.832 X 1072 cubic meter per second
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SUMMARY OF THE HIGH PLAINS
REGIONAL AQUIFER-SYSTEM ANALYSIS
IN PARTS OF COLORADO, KANSAS, NEBRASKA,
NEW MEXICO, OKLAHOMA, SOUTH DAKOTA,
TEXAS, AND WYOMING

By JOHN B. WEEKS, EDWIN D. GUTENTAG, FREDERICK J. HEIMES, and RICHARD R. LUCKEY

ABSTRACT

In 1978, the U.S. Geological Survey initiated a study called the High
Plains Regional Aquifer-System Analysis to evaluate the historical
and future effects of ground-water development on the High Plains
aquifer. Results of this study were published in a series of reports that
presented: (1) The geohydrology of the High Plains aquifer, (2) the
use of satellite imagery to map irrigated acreage and estimate ground-
water use, (3) the use of digital models to simulate ground-water flow
in the High Plains aquifer, and (4) the projected effects of future pump-
age on the High Plains aquifer. This report summarizes the informa-
tion presented in the series of reports.

The High Plains aquifer underlies 174,000 square miles in parts of
Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming. About 20 percent of the irrigated land in the
United States is in the High Plains, and about 30 percent of the ground
water used for irrigation in the United States is pumped from the High
Plains aquifer. During 1980, about 170,000 wells pumped almost 18
million acre-feet of water to irrigate nearly 14 million acres.

The High Plains aquifer is a water-table aquifer that consists mainly
of near-surface sand and gravel deposits. The Ogallala Formation,
which underlies about 80 percent of the High Plains, is the principal
geologic unit forming the aquifer. The maximum saturated thickness
of the aquifer is about 1,000 feet, and the average saturated thickness
is about 200 feet. Ground water generally flows from west to east at
an average of about 1 foot per day and discharges naturally to streams
and springs, and by evapotranspiration in areas where the water table
is near land surface. Precipitation is the principal source of recharge
to the aquifer. Estimates of recharge rates range from 0.024 inch per
year in parts of Texas to 6 inches per year in areas of dune sand in
Kansas and Nebraska.

During 1980, 3.25 billion acre-feet of drainable water was stored in
the aquifer. Approximately 65 percent of the water in storage was
in Nebraska, and 12 percent was in Texas. New Mexico, the State with
the smallest water resource in the High Plains, had only 1.5 percent
of the volume of water in storage.

The quality of water in the High Plains aquifer generally is suit-
able for irrigation use but, in many places, the water does not satisfy
Environmental Protection Agency drinking-water regulations. Ex-
cessive concentrations of dissolved solids, fluoride, chloride, and sulfate
occur in parts of the aquifer in all States.

The concentration of dissolved solids is 250-500 milligrams per liter
in 62 percent of the area of the High Plains aquifer; the concentra-
tion exceeds 1,000 milligrams per liter in 3 percent of the area of the
aquifer. Generally, dissolved-solids concentrations are lowest in areas

covered by sand because recharge is relatively high and the sand con-
tains few highly soluble minerals. In most areas of the High Plains
aquifer where the concentration of dissolved solids exceeds 1,000
milligrams per liter, the chemical composition of the water is affected
by the underlying bedrock.

Ground-water irrigation in the High Plaims began in the late 1800’s,
but development was sparce until the 1940’s. By 1949, about 2 million
acres, mostly in the southern High Plains, were irrigated; and during
1980, about 14 million acres were irrigated and more than one-half
of the total acreage was in the northern High Plains. Annual pump-
age of ground water for irrigation increased from about 4 million acre-
feet during 1949 to nearly 18 million acre-feet during 1980.

Pumpage has caused areally extensive water-level declines in the
aquifer. As of 1980, water levels had declined more than 10 feet in
50,000 square miles and more than 50 feet in 12,000 square miles from
predevelopment levels. Water-level declines of as much as 200 feet
had occurred since irrigation started, and the volume of water in
storage in the aquifer had decreased by 166 million acre-feet. About
70 percent of the depletion occurred in Texas; about 16 percent of the
depletion occurred in Kansas.

Water-level declines reduce saturated thickness of the aquifer which
may affect well yields. The largest decreases in saturated thickness
generally occur where the aquifer has been pumped for irrigation the
longest. From predevelopment to 1980, saturated thickness of the
High Plains aquifer decreased more than 25 percent in 14,000 square
miles in parts of Kansas, New Mexico, Oklahoma, and Texas. In the
High Plains of Texas where saturated thickness has declined more
than 50 percent, the average number of acres irrigated per well de-
creased from 118 during 1958 to 62 during 1980. This decrease in acres
irrigated per well is the result of decreasing well yields caused by
declining water levels and decreasing saturated thickness.

Digital computer models of the High Plains aquifer were used to
project aquifer response to estimated future pumpage. The High Plains
aquifer system was modeled in three parts—the southern, central, and
northern High Plains. For each part of the High Plains, separate
models were constructed to simulate the system prior to large-scale
development for irrigation (predevelopment-period models) and after
the beginning of large-scale development (development-period models).
Water levels from the predevelopment models were the initial condi-
tions for the development-period models. Likewise, water levels from
the development-period models provided the initial conditions for pro-
jecting future water levels in the High Plains.

The models were used to project aquifer response to pumpage to
the year 2020. Pumpage was simulated using 5-year averages between
1980 and 2020, and the models were used to calculate future water
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levels in the High Plains. Pumpage estimates for three strategies were
simulated: (1) The baseline strategy assumed that only existing water-
conservation and water-use technology, practices, and public policy
would affect future water use; (2) manage...ent strategy 1 assumed
that future water use would be reduced by voluntary actions; and (2)
management strategy 2 assumed that future water use would be fur-
ther reduced by water-conservation measures imposed by govern-
mental agencies.

Simulation of baseline pumpage from the High Plains aquifer showed
that, between 1980 and 2020, water-level declines in excess of 100 feet
would occur in areas totaling about 15,500 square miles in parts of
all States except South Dakota and Wyoming. The maximum
1980-t0-2020 water-level decline was projected to be nearly 250 feet
in northern Texas.

Total pumpage for management strategy 1 was only 3 percent more
than that for the baseline strategy. Consequently, simulation of
management-strategy-1 pumpage from the High Plains aquifer
resulted in water-level declines that were similar to those projected
for the baseline strategy.

Simulation of management-strategy-2 pumpage from the High
Plains aquifer resulted in significantly different water levels than those
projected for the baseline strategy. Between 1980 and 2020, water-
level declines for management strategy 2 would exceed 100 feet in
9,100 square miles. The maximum water-level decline projected from
1980 to 2020 was about 180 feet in Kansas.

The saturated thickness projected for 2020 was more than 50 feet
greater for management strategy 2 than for the baseline strategy in
areas that total 1,830 square miles because of the lower water use
assumed for management strategy 2. The maximum difference in
saturated thickness projected for 2020 between management strategy
2 and the baseline strategy was 68 feet, and the average difference
was 7 feet.

INTRODUCTION

The High Plains aquifer underlies about 174,000 mi?
(see Conversion Factors for definitions of abbreviated
units) in parts of eight States—Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming. The High Plains aquifer is the
shallowest and most abundant source of water in one
of the major agricultural areas in the United States.
About 20 percent of the irrigated land in the United
States is in the High Plains, and about 30 percent of
the ground water used for irrigation in the United States
is pumped from the High Plains aquifer. During 1980,
about 170,000 wells pumped 18 million acre-ft of water
from the aquifer to irrigate about 14 million acres.

The irrigated agricultural economy of the High Plains
is dependent on the aquifer for continued growth and
prosperity. However, declining water levels and decreas-
ing well yields threaten the future of ground-water
irrigation.

HIGH PLAINS REGIONAL
AQUIFER-SYSTEM ANALYSIS

National concern about the economic impact of declin-
ing water supplies in the High Plains was responsible

REGIONAL AQUIFER-SYSTEM ANALYSIS

for the initiation of this regional study of the High
Plains aquifer. This study began in 1978 as one of the
first studies within the Regional Aquifer-System
Analysis (RASA) program of the U.S. Geological
Survey. The purposes of the High Plains RASA were
to provide: (1) Hydrologic information needed to
evaluate the effects of continued ground-water develop-
ment, and (2) computer models to predict aquifer
response to changes in ground-water development. The
results of this study will provide water-resources plan-
ners and managers with information needed for ground-
water resource management and models of the aquifer
capable of evaluating water-management alternatives.

The results of the High Plains RASA are summarized
in this report, Chapter A of Professional Paper 1400.
Chapters B, C, D, and E of Professional Paper 1400
describe the results of the High Plains RASA in detail.
Chapter B (Gutentag and others, 1984) presents the
geohydrology of the High Plains aquifer including its
depositional history and relation to bedrock, the quan-
tity and quality of ground water, and the history of
ground-water development. Chapter C (Thelin and
Heimes, in press) describes the use of satellite imagery
to map irrigated acreage and the use of irrigated acreage
to estimate ground-water use. Chapter D (Luckey and
others, 1986) discusses the digital models used to
simulate ground-water flow in the High Plains aquifer.
Chapter E (Luckey and others, in press) projects the ef-
fects of future pumpage on the High Plains aquifer for
three pumpage scenarios.

Including the five chapters of this Professional Paper,
the data, methods, and results of the High Plains RASA
are documented in more than 130 publications. These
publications were prepared by the U.S. Geological
Survey, and its cooperators and contractors, in a joint
effort to advance the scientific understanding of the
High Plains aquifer. The Selected References section at
the end of this report includes these publications.

GEOHYDROLOGY

The first regional study of the High Plains was con-
ducted by the U.S. Geological Survey at the beginning
of the twentieth century (Johnson, 1901). The study
provided a reconnaissance of the geographic, physio-
graphic, and hydrologic features of the area. The con-
clusions of the study pointed to the vast ground-water
resources of the area but held little promise for
agricultural development of the region because of
limited rainfall, high evaporation, and few surface
streams.

Since that time, technological advances have provided
the means to recover the ground-water resource.
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